Pilot randomized controlled trial to evaluate the effect of aquatic and land physical therapy on musculoskeletal dysfunction of sickle cell disease patients  by Zanoni, Camila Tatiana et al.
rev bras hematol hemoter. 2 0 1 5;3 7(2):82–89
www.rbhh.org
Revista Brasileira de Hematologia e Hemoterapia
Brazilian Journal of Hematology and Hemotherapy
Original article
Pilot  randomized  controlled  trial to evaluate the
effect of  aquatic  and  land  physical  therapy on
musculoskeletal dysfunction  of sickle  cell  disease
patients
Camila Tatiana Zanoni, Fábio Galvão, Alberto Cliquet Junior,
Sara  Teresinha Olalla Saad ∗
Universidade Estadual de Campinas (UNICAMP), Campinas, SP, Brazil
a  r  t  i  c  l  e  i  n  f  o
Article history:
Received 11 June 2014
Accepted 25 July 2014
Available online 21 November 2014
Keywords:
Anemia, sickle cell
Hydrotherapy
Physical therapy modalities
a  b  s  t  r  a  c  t
Objective: To compare the effect of aquatic and land-based physiotherapy in reducing mus-
culoskeletal hip and lower back pain and increasing overall physical capabilities of sickle
cell disease patients.
Methods: Informed written consent was obtained from all volunteers who were submitted to
evaluations using different functional scales: Lequesne’s Algofunctional Questionnaire and
Oswestry Disability Index, trunk and hip range of motion, goniometry, trunk and hip muscle
strength assessment using load cell, and surface electromyography of the iliocostalis, long
dorsal  (longissimus), gluteus maximus, gluteus medius and tensor fasciae latae muscles.
Ten patients were randomized into two groups: aquatic physiotherapy with a mean age of
42  years (range: 25–67) and conventional physiotherapy with a mean age of 49 years (range:
43–59).  Both groups were submitted to a twelve-week program of two sessions weekly.
Results: After the intervention, signiﬁcant improvements were observed regarding the
Lequesne index (p-value = 0.0217), Oswestry Disability Index (p-value = 0.0112), range of
motion of trunk extension (p-value = 0.0320), trunk ﬂexion muscle strength (p-value = 0.0459),
hip  extension and abduction muscle strength (p-value = 0.0062 and p-value = 0.0257, respec-
tively). Range of motion of trunk and hip ﬂexion, extension, adduction and abduction, trunk
extensor muscle strength and all surface electromyography variables showed no signiﬁcant
statistical difference.
Conclusion: Physical therapy is efﬁcient to treat musculoskeletal dysfunctions in sickle cell
disease patients, irrespective of the technique; however, aquatic therapy showed a trend
toward  improvement in muscle strength. Further studies with a larger patient sample and
longer periods of therapy are necessary to conﬁrm these results.©  2014 Associac¸ão Bra
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conventional or land physiotherapy (CP). A total of 24 ses-
sions over a twelve-week period (two sessions per week)rev bras hematol hem
ntroduction
ickle cell disease (SCD) is a genetic disorder that results
n the sickling of red blood cells, triggering vaso-occlusion
pisodes which lead to pain and organ damage. This inher-
ted disorder is caused by a point mutation in the beta-globin
ene. The mutant form of hemoglobin in SCD (Hb S) is capa-
le of polymerization and complex molecular and structural
hanges within the red cell. Occurring in homozygotes (Hb
S) and in compound heterozygotes, such as those carry-
ng Hb S and beta-thalassemia (Hb SB+ or Hb SB0) and Hb
 and hemoglobin C (Hb SC), hemolytic anemia and vaso-
cclusion crises are the main complications of SCD. The illness
ends to gradually develop toward multisystem organ failure.1
one involvement, frequently causing painful vaso-occlusive
rises, is the most common clinical manifestation. Further-
ore, bone involvement is a source of chronic, progressive
isability, with long-term effects upon bone mass density,
rowth, and bone damage such as avascular necrosis and
steomyelitis. Osteopenia and osteoporosis are often asymp-
omatic; however, pain, fractures, deformities, and vertebral
ollapse may occur and require chronic analgesia, mechanical
upport, and surgical interventions.2,3
Chronic and progressive damage such as, for example,
vascular necrosis of the femoral head, the leading cause
f hip deformity in these patients, commonly results in gait
isturbances, pain, and activity and functional limitations in
dult patients. Lower back pain is one of the main complaints
mong SCD patients and occurs due to the ﬂattening and
idening of the vertebral bodies with biconcave depressions
f the endplates, probably caused by infarction of the central
ortion of the vertebral body.4,5 There are few studies in the
iterature on the role of physiotherapy as a resource to prevent
nd treat locomotor system disorders in SCD individuals.
According to recent studies, the life expectancy of SCD
atients’ has improved dramatically over the last century.6
owever this longer life span has, as an unfortunate conse-
uence, the development of progressive organ damage which
ncludes osteoarticular lesions.7
Chronic pain is considered a serious public health prob-
em which negatively affects the quality of life of individuals.
herefore, a multi-action therapeutic plan, speciﬁcally phys-
otherapy, could help decrease pain, and improve mobility
nd the rehabilitation of osteoarticular disorders, positively
mpacting on the quality of life.8
Despite this fact, there are few studies in the literature on
he role of physiotherapy as a resource to prevent and treat
ocomotor system disorders in SCD patients. One study9 com-
ared the efﬁcacy of physiotherapy alone with physiotherapy
ssociated with surgical femur decompression in SCD patients
ith osteonecrosis of the femoral head. The results showed no
igniﬁcant difference between these two approaches, suggest-
ng that physical therapy alone appeared to be as effective as
urgical decompression to improve hip function, thus defer-
ing the need for surgery.
Within the existing physiotherapy resources, aquatic phys-
otherapy used in rehabilitation has demonstrated positive
ffects against pain, in regaining physical function and in
mproving quality of life in adults with musculoskeletal2 0 1 5;3 7(2):82–89 83
conditions.10 Movements performed in the water are facil-
itated by the elimination of the effects of gravity, resulting
in increased muscle strength (MS) and ﬂexibility. The bene-
ﬁts of water are mainly explained by the physiological effects
of immersion and by the hydrodynamic principles of exer-
cise, such as buoyancy, in this environment thereby enabling
functional exercises with a reduced gravitational load. Fur-
thermore, the immersion in thermo-neutral water (34 ◦C) in
combination with the effects of hydrostatic pressure reduces
the perception of pain. The physical properties and heated
water play an important role in improving and maintain-
ing the range of joint motions, reducing muscular tension
and promoting relaxation, as well as preparing the mus-
cle for stretching. The buoyancy induces muscle relaxation
and the decrease in impact enables increased mobility and
ﬂexibility.11,12
This study aimed to evaluate the efﬁcacy of aquatic and
land-based physical therapy in decreasing hip and lower back
musculoskeletal pain and increasing overall physical well-
being in SCD patients.
Methods
Adult SCD patients who regularly attended (at least three
times a year during the previous three years) the Outpatient
Clinic of the Hemocentro of the Universidade Estadual de
Campinas (UNICAMP) with chronic hip and lumbar spine pain,
and who had not participated in a physical therapy program
during the previous 12 months, were invited to participate in
this study. Patients with acute episodes, absence of over three
physical therapy sessions without justiﬁcation, or any der-
matological issue which would prevent them from entering a
therapeutic pool, were excluded from the study. The National
Ethics Board approved this study, and all patients provided
written informed consent.
Study  design
Initially, the volunteers were evaluated according to functional
scales, including the Lequesne’s Algofunctional Questionnaire
and Oswestry Disability Index (ODI), range of motion (RoM)
measurements of trunk ﬂexion and extension, hip adduction
and abduction, assessment of MS of the trunk ﬂexors and
extensors, and the ﬂexors, extensors, adductors and abduc-
tors of the hip through load cell and surface electromyography
(SEMG) of the iliocostalis, long dorsal (longissimus), gluteus
maximus, gluteus medius and tensor fasciae latae muscles.
Volunteers were then randomized by an investigator not
involved in data collection, using the blind allocation method
of sequentially numbered, opaque sealed envelopes,13,14 into
two different program groups: aquatic physiotherapy (AP) andwere administered. Patients were assessed after the inter-
vention comparing the results before and after the sessions
according to data obtained for the dominant side of each
patient.15,16
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Questionnaires
The Lequesne’s Algofunctional Questionnaire was developed
for patients with osteoarthritis and evaluates symptoms and
functional capacity of the hip and knee. This index is com-
posed of 11 questions that evaluate pain, discomfort and
function. The ODI is a self-administered questionnaire used
to measure the degree of lumbar spine disability, and contains
topics concerning intensity of pain and physical activity.17 The
ODI has been used in scientiﬁc research to evaluate patients
with nonspeciﬁc or speciﬁc low-back pain after surgical pro-
cedures, medication and rehabilitation.
Range  of  motion
The RoM was evaluated by a single examiner using a conven-
tional 360◦ free shaft goniometer. The following movements
were assessed: trunk ﬂexion and extension and ﬂexion,
extension, adduction and abduction of the hip joint, accord-
ing to the standardization of the goniometry manual of
Marques.18
Muscle  strength
MS  was analyzed by maximal voluntary isometric contrac-
tion (MVIC) using a load cell (MIOTEC®, Porto Alegre, Brazil).
The load cell was connected to a Miotool 400® apparatus
(MIOTEC®) using a SDS1000® sensor connected via a USB cable
to a notebook. During movements, the force generated by
traction on the load cell was transmitted to the Miograph®
software which produces a plot of MS  in kilograms-force (kgf).
Volunteers were submitted to isometric MS  tests of the trunk
ﬂexors and extensors and hip ﬂexors, extensors, adductors
and abductors.
Surface  electromyographyMyoelectric signals of the gluteus maximus, gluteus medius,
tensor fascia lata, long dorsal (longissimus) and iliocostalis
muscles were sampled at 2000 Hz in single differential mode
Table 1 – Clinical and laboratory data of sickle cell disease patie
Patient 1 2 3 4 
Group Aquatic Aquatic Aquatic Aquatic 
Age (years) 42 25 67 28 
Gender Female Female Male Male 
Type of disease Hb SS Hb SS Hb SC Hb SS 
Transfusions No Yes No No 
-Thalassemia Neg Neg Neg Neg 
Leukocytes (×109/L) 6.13 8.41 6.80 6.04 
Hemoglobin (g/dL) 7.4 7.1 10.4 10.1 
MCV (fL) 113.7 101.0 67.0 104.7 
Reticulocytes (%) 12.68 3.51 3.59 11.81 
Platelet count (×109/L) 331 335 508 304 
Fetal hemoglobin (%) 7.3 4.0 0.2 23.7 
LDH (U/L) 1680 944 405 1000 
HU dose (mg/kg) 10 11 0 26 
MCV: mean corpuscular volume; LDH: lactate dehydrogenase; HU: hydroxr. 2 0 1 5;3 7(2):82–89
from each muscle through a four channel electromyogra-
phy system (MIOTEC®, Porto Alegre, Brazil) using disposable
Ag/AgCI circular bipolar electrodes (3M®). The 10 mm diame-
ter electrodes with adhesive conducting gel were positioned
on the skin overlying the muscles at an inter-electrode
distance of 20 mm.  Abrasion of the skin was achieved at
the ﬁxation sites with gauze soaked in alcohol to reduce
impedance and the electrodes were then ﬁxed at the muscular
belly, distant from the motor point, and ﬁxed with trans-
parent tape and elastic band wrapping to avoid movement
artifacts. The data acquisition Miograph USB® software sys-
tem with windowing 32 (RMS – Root Mean Square) and gain
of 2000 for each channel was used to capture the electrical
potentials of the muscles evaluated in microvolts (V). But-
terworth ﬁlters were used: order 4 and band pass 20–500 Hz.
The four channels were connected to active SDS500® sen-
sors by clamps. Signal analysis was performed using Miograph
USB® system software. The sensors were calibrated before
data collection. The electrical potentials of the muscles were
collected in accordance to international standardization of
SENIAM.19
Aquatic  physiotherapy
The 9 m2 pool in a 16 m2 room was warmed to 34 ◦C;
the patients changed their clothes in this temperature-
controlled room. Each session consisted of lower limb
muscle stretching, jogging in the pool (forward, backward
and sideways), suspended bicycle exercises in the vertical
position, stair climbing exercises, active exercises in the
supine position using ﬂoats, and ﬁnally relaxation exer-
cises.
Conventional  physiotherapy
Each session consisted of lower limb stretches, hip exercises to
strengthen hip adductors and abductors, supine bridge, exer-
cises using ankle-weights to strengthen the quadriceps and
when necessary, transcutaneous electrical nerve stimulation
was used for pain relief.
nts submitted to two physiotherapy programs.
5 6 7 8 9 10
Aquatic Land Land Land Land Land
53 59 49 45 58 43
Female Female Female Male Male Female
Hb SC Hb SC Hb SS Hb SC Hb SC Hb SC
Yes No No No No No
Neg Neg Neg Neg Neg H
7.49 10.88 13.61 4.44 5.97 6.34
9.6 10.2 10.6 11.7 12.7 10.0
91.9 82.4 85.4 76.9 77.2 69.3
7.48 7.56 2.70 4.83 5.55 4.90
392 163 175 94 275 114
2.8 1.4 28.1 0.5 1.0 1.2
535 445 862 403 529 431
0 0 21 0 0 0
yurea; Neg: negative.
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Figure 1 – Median, minimum and maximum values of the Lequesne index (Lequesne’s Algofunctional Questionnaire) and
Oswestry Disability Index evaluated before and after interventions for the aquatic physiotherapy (AP) and conventional
physiotherapy (CP) groups. The p1-value refers to the comparison of numerical values over time with repeated
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Figure 3 – Median, minimum and maximum values of muscle strength (MS) of the trunk ﬂexors and extensors, and hip
ﬂexors, extensors, adductors and abductors by load cell. Variables evaluated before and after the interventions for the
aquatic physiotherapy (AP) and conventional physiotherapy (CP) groups. The p1-value refers to the comparison of numerical
values over time with repeated measurements with transformation stations (ANOVA test). The p2-value refers to the
est).comparison between time points for each group (Wilcoxon t
25–67) for the AP group and 49 years old (range: 43–59) for the
CP group. The clinical and laboratory data of the participants
are shown in Table 1.
Comparison of numerical values over time between the
two groups showed a statistically signiﬁcant difference
after the intervention in respect to the Lequesne index
(p-value = 0.0217), ODI (p-value = 0.0112), RoM of trunk exten-
sion (p-value = 0.0320), trunk ﬂexion MS  (p-value = 0.0459),
and hip extension and abduction MS  (p-value = 0.0062 and
p-value = 0.0257, respectively). There were no signiﬁcant sta-
tistical differences in the RoM of trunk and hip ﬂexion,
extension, adduction and abduction, trunk extensor MS
and hip ﬂexion and adduction MS  and all SEMG variables
(Figures 1–4).Discussion
The present study aimed to evaluate two types of physiother-
apy intervention for hip and lumbar spine functionality ofadult SCD patients. The dominant side of each patient was
considered in the results.15,16
The major limitation of this study was the recruitment of
volunteers, as most of the patients live far from the center
and ﬁnd it very difﬁcult to attend the clinic twice every week.
Therefore, only ten patients, six compound heterozygous for
Hb S and Hb C and four Hb S homozygotes, completed the
physiotherapeutic program.
In view of the high frequency of avascular necrosis of the
femoral head in SCD patients, the intervention was focused
on the hip joint. The Lequesne questionnaire was  used to
evaluate the functionality of this joint. This scale assesses
pain and hip function for daily activities. The results of
the Lequesne Algofunctional questionnaire showed a statis-
tically signiﬁcant improvement after the intervention for both
the groups. The AP group had very severe impairment (13.5
points) in the ﬁrst assessment and moderate impairment (5.5
points) in the second. The CP group also had very severe
impairment (11.5 points) in the ﬁrst assessment and severe
impairment (8 points) in the second. These results suggest
that aquatic physiotherapy may lead to a greater improvement
rev bras hematol hemoter. 2 0 1 5;3 7(2):82–89 87
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n hip functionality and are in agreement with Wang et al.20
nd Hinman et al.21 who  observed improvement in physi-
al function after a program of aquatic physical therapy for
atients with hip and knee osteoarthritis. Other studies car-
ied out in individuals with hip and/or knee disorders however,
howed no signiﬁcant differences between the two rehabilita-
ion strategies, suggesting that both techniques are equally
ffective.22–24
Lower back pain is one of the main complaints of SCD
atients. The ODI was herein used to assess lower back pain
nd function during daily activities. This index also showed
tatistically signiﬁcant improvements in both study groups
fter the intervention. The CP group improved from moder-
te disability (26.5%) to minimal disability (18%); the AP group,
owever, despite some signiﬁcant improvement in the scores
f the second assessment (from 35% to 22%) showed no change
n the severity of the disability caused by back pain. Longer or
ore frequent sessions may render better results, as has been
24,25escribed by others. These studies showed that patients
ho  performed AP two or more  times weekly had greater
mprovement in physical assessment scores than those who
xercised only once a week.24,25 Nevertheless, Ariyoshi et al.25roup (Wilcoxon test).
extended the program for six months and concluded that
water therapy exercises were useful for patients with back
pain as they provide pain relief.
In this study, a signiﬁcant improvement in RoM of the trunk
extension and a trend toward an improvement in trunk ﬂex-
ion goniometry were observed in both groups, especially in
the AP group. However, no signiﬁcant change was detected in
either group regarding motion amplitude, probably due to the
inﬂammatory phenomena and bone infarctions which may
have caused permanent limitations.
Furthermore, late interventions may not be sufﬁcient to
improve joint RoM in this age group in which chronic degen-
erative hip injuries may have reached a level of severity that
precludes greater joint ﬂexibility.
Moreover, the fact that there was no signiﬁcant improve-
ment in goniometry may be a consequence of the techniques
used in both groups which may favor strength gain. Thus,
perhaps the program should increase the time devoted to
stretching certain target muscles during therapy, thereby pro-
moting improved muscle ﬂexibility.
Regarding trunk MS,  a signiﬁcant improvement in ﬂexion
was observed in both groups after the interventions. Despite
mote
r
1
1
1
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the trend toward improvement in trunk extensor MS  in the
AP group, there were no signiﬁcant differences between the
two groups. These results are in agreement with other studies
that showed improved MS  after speciﬁc land-based and water-
based trunk exercises.24,26,27
There was a statistically signiﬁcant increase in hip exten-
sion and abduction MS  in both groups after the interventions.
Although, hip ﬂexion MS  was unchanged in the CP group, there
was a trend toward improvement in the AP group, and hip
adduction MS  showed a slight trend toward improvement in
both groups.
Thus, albeit slight, the results of this study showed
improvement of all MS  variables in the AP group, in accordance
with Wang et al.20 who  also observed improved ﬂexibility and
lower limb strength after 12 weeks of aquatic therapy, and
Cochrane et al.28 who  observed signiﬁcant improvement in
pain and physical function after aquatic exercises in adults
with hip and knee osteoarthritis. In another study, Rahmann29
demonstrated a positive effect of a speciﬁc program of aquatic
physical therapy on early recovery of strength after hip and
knee surgeries. Furthermore, Hinman et al.21 observed a slight
improvement in pain, physical function, quality of life and
MS after aquatic therapy for patients with hip and knee
osteoarthritis in a protocol of two sessions per week for
six weeks. However, Jigami23 concluded that both programs,
land-based and water-based, even when the exercises were
performed only once a week, improved overall physical activ-
ity and MS  in the lower limbs of osteoarthritis patients.
Surface electromyography did not show any signiﬁcant dif-
ference after the interventions of both groups. However, there
seemed to be an improvement in the electromyography sig-
nal of all muscles evaluated in the AP group. The better result
obtained in this group may be related to the greater amount
of muscle ﬁbers recruited in aquatic therapy added to the
physical properties of water such as buoyancy and multidi-
rectional strength. These ﬁndings are in agreement with the
results reported by Kaneda et al.30 who  observed greater elec-
tromyography activity of all muscle movements performed in
the water with ﬂoating devices.
The results of this study should be analyzed with caution as
the sample size may have been a limiting factor and therefore,
further studies are needed to conﬁrm these results.
Conclusion
The results obtained here suggest that physical therapy is a
resource capable of treating musculoskeletal dysfunction in
SCD patients regardless of the technique used. However, exer-
cises designed to stretch tone and strengthen the core and
limb muscles carried out in the water require greater stabi-
lization of the muscles and may justify the trend toward the
better results obtained.
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